Objective: To harmonize food classification and food composition databases, allowing comparability of consumption at both food and nutrient levels in Europe. Design: To establish the level of comparability at the food level, the EFCOSUM group benefited from the work already carried out within other European projects, which established a Euro Food Groups (EFG) classification system. Four food groups, ie bread, vegetables (excluding potatoes), fruits (excluding fruit juice) and fish and seafood, were judged on their applicability for making food consumption data comparable across countries at the food level. Conclusions: It was concluded that the EFG system could be used but that still much work has to be done. For food consumption data to be collected in the future, the software that will be used should enable conversion of foods 'as consumed' to foods at the 'raw edible' level. With respect to comparability of nutrient intake estimations, EFCOSUM advises waiting for the European Nutrient Composition Database (ENDB) currently being prepared by the EPIC group. Until this is available, comparison of consumption data at the nutrient level cannot be carried out between countries.
Introduction
The consumption of both foods and nutrients is considered to be an important health indicator (Steingrímsdó ttir et al, 2002) . Therefore, a common coding system for the classification of foods and food composition tables are crucial issues when collecting food consumption data. For identification of foods, up to now, national coding procedures have been used for comparisons at the national level. For the conversion of foods to nutrients, most national food consumption surveys adopt the codes used in the corresponding national food composition database as a simple, staightforward method of linking consumption data to nutrient data. For available food consumption data the use of the EFG (Euro Food Groups) system was advised in order to make data on foods comparable in a European context (Verger et al, 2002) . The question arises whether the EFG system can also be used for data to be collected in the future. Furthermore, since national food composition tables do not allow comparisons of nutrient intakes between countries, it is important to obtain a standardization of European food composition data (Charrondière et al, 2001; Verger et al, 2002; EFCOSUM Group, 2001) . In this paper, more background information will be given on the EFG classification system and the applicability for future data in pan-European surveys will be addressed. Recent developments regarding the harmonization of European food composition databases are also described. Table 1 Cont.
Selection of food classification system J Ireland et al (Arab et al, 1987) . The Eurocode 2 core classification is a mono-hierarchical classification of foods according to groups and subgroups that are useful in dietary studies .
The food classification used in the EPIC-SOFT program (Slimani et al, 2000) was initially developed with the methodological purpose of grouping together foods that could be described, quantified and checked similarly (EPIC: European Prospective Investigation into Cancer, WHO IARC, France). Even though this classification system was designed specifically for the EPIC study, it is interesting to examine it in the context of EFCOSUM, as it has already been used as a 'common denominator' for recording consumption data from 10 European countries. The EPIC-SOFT food classification was developed by IARC and the EPIC centres, and in order to enable international use of both the classification system and the software, scope notes have recently been added to the classification system.
Most national and regional databases use country-specific food classification systems, based on national criteria, and the food groups may be very specific. This is mainly due to national legal aspects and traditions, besides the economic and cultural importance of foods . Table 1 shows the food grouping system used for the French INCA-1 survey (Volatier, 2000) and the Dutch National Food Consumption Survey of 1998 (Anonymous, 1998) .
Development of the Euro Food Groups (EFG) classification system
The EFG classification system was developed, as a project of COST Action 99=Eurofoods, in an attempt to evaluate the level of food description and classification that would permit international comparisons of the results of available food consumption and food availability surveys. In order to formulate the EFG system, several classification schemes used for recording food intake at the international and national classification schemes were compared: international -FAO Food Balance Sheet, WHO GEMS=FOODS regional diets, DAFNE classification system for Household Budget Survey (HBS) data, and Eurocode 2 core classification (levels 1 and 2); national -French National Food Consumption Survey (1999), Dutch National Food Consumption Survey (1998), and British National Food Survey.
In the process of comparing food intake data from various European countries, it became evident that such comparisons are feasible only when results are expressed at the raw ingredient level. Since the DAFNE classification system groups food items at the raw level, it was one of the international classification schemes used to create the EFG food grouping system.
The task of creating a common classification system was difficult, as existing classification schemes have been designed for different levels of reporting consumption. The FAO Food Balance Sheet and the WHO GEMS=FOODS regional diets describe food at the commodity level (eg cereals), the DAFNE classification describes ingredients and foods as purchased (eg flour, processed fruits), Eurocode describes foods at the ingredient level but also as consumed, and national classification schemes describe mostly foods as consumed (eg soups, sauces, snacks and products). An additional difficulty is that these classification schemes often overlap.
The resulting 33 food groups chosen as the common denominators of the above food classification schemes are shown in Table 1 . It was decided to take the definitions of EFG groups from the corresponding Eurocode 2 ) food categorization system, because Eurocode was the only one of the above systems that was fully documented at the time.
Comparison of EFG with other classification systems
The following comparison of food classification systems refers to the four food groups that EFCOSUM considered the most important for Health Monitoring purposes: cereals and cereal products; vegetables excluding potatoes; fruits excluding fruit juice; fish and seafood.
Cereals and cereal products. EFG groups (1, Bread and rolls; 2, Breakfast cereals; 3, Flour; 4, Pasta; 5, Bakery products; and 6, Rice and other cereal products) correspond to the Eurocode 2 main category Grains and grain products. This category includes grains and their milled products obtained from members of the grass family, dough products obtained from grain, such as pasta and breads, breakfast cereals, savoury and sweet products and dishes in which grain products are considered the predominant constituent, substitute flours and other starch products obtained Selection of food classification system J Ireland et al from non-cereal sources; it excludes sweetcorn eaten as a vegetable. Table 1 shows that these groups compare very well, except for EFG groups 3 and 6, which overlap several Eurocode subclasses. They also correspond well to the DAFNE main group Cereals. DAFNE distinguishes Bread and rolls, Pasta and Bakery products, but does not separate breakfast cereals (EFG 2) from other cereal products. There is generally good correspondence between EFG and EPIC classifications. The EFG groups 1, 2, 3 and 5 correspond to the EPIC general class Cereals and cereal products and subclasses. The EFG groups 4 and 6 correspond to the EPIC class Pasta, rice and other grain.
The two national food grouping systems described in this paper distinguish breads from other cereal products, but neither has a group for flour, as they only recorded foods as consumed. Both systems have separate classes for bakery products; the French classification also distinguishes breakfast cereals and pasta. On the other hand, EFG groups 1 -6 do not correspond well with the groups used in the FAO Food Balance Sheets and WHO GEMS=FOODS regional diets, as the latter record foods only at the commodity level (ie Cereals).
Vegetables excluding potatoes. EFG group 15, Vegetables excluding potatoes, corresponds to Eurocode 2 category 8, Vegetables and vegetable products. This category includes plants and parts of plants eaten as vegetables (ie normally consumed as a savoury), including immature pulses. A vegetable fruit is usually considered to be consumed as a vegetable when the starch content is high before ripening converts the starch to sugars. The group includes edible fungi and seaweed, preserved vegetables and mixed vegetables.
As shown in Table 1 , EFG group 15 corresponds well with the classification systems used by FAO, WHO GEMS=FOODS, DAFNE, EPIC-SOFT and both national food grouping systems. All of these systems have separate food groups for vegetables, potatoes and pulses. The Eurocode 2 places potatoes in a Tuber subsection. EFCOSUM recommends that the EFG group 15 include herbs (not in Eurocode 2 category 8) but not spices. This would lead to a recommendation for a modification of Eurocode 2.
Fruit. The EFG group FRUIT corresponds to the Eurocode 2 category Fruit and fruit products, which includes fruiting bodies of plants when they are consumed as desert fruit. The group also includes food products whose predominant constituent is fruit, including fruit sauces with a single fruit as the predominant constituent.
Fruit and Fruit juice are separate in EFG and in all the other food classification systems studied, except for the FAO classification system. In Eurocode 2, fruit juices and vegetable juices are sub-groups of Beverages (non-milk). In the two national surveys, fruit juices are simply classed with Nonalcoholic beverages. In both cases, it has been suggested to create a separate group for fruit juices for future surveys (see discussion below). International harmonization will be necessary to solve some problems, for example concerning the classification of olives and rhubarb. Some food classification systems (eg Eurocode 2) consider olives to be fruit and rhubarb vegetables, whereas some other systems place olives with vegetables and rhubarb with fruit.
Fish and seafood. The EFG food group Fish and seafood corresponds to the Eurocode 2 group Fish and fish products, which includes marine and freshwater fish, crustaceans, molluscs, amphibians, reptiles, insects, fish offal, and food products whose predominant constituent is fish (eg fish mousse). It excludes marine and aquatic plants.
This EFG food group also corresponds well to the likenamed groups in the DAFNE, EPIC and Dutch classification systems. It corresponds to two French groups: Fish and Crustaceans and molluscs. A question remains as to whether marine mammals and seaweed should be included in this group, as they are in FAO Food Balance Sheets, WHO GEM=FOOD and in national surveys of Scandinavian countries. Otherwise, the classification of foods in this group is very straightforward and does not pose any problems.
Test of EFG in different European countries
An exercise was undertaken in which all countries participating in the EFCOSUM project were asked to classify the available food consumption data according to EFG. The result was that, in general, most countries indicated that they could use the EFG system. They also expressed the need for further directions to assign foods to the different food groups in a comparable way.
The exercise also made clear that the level of reporting of foods differs between countries. Some countries report foods on the 'as consumed' level (eg Sweden and the UK); some countries report on the 'raw ingredient' level (eg Iceland); however, most countries make use of both the consumed and the ingredient level. The EFG classification system was developed for reporting on the 'raw ingredient' level, not the level 'as consumed'. Table 2 shows the different results obtained when calculating dietary intake at the 'as consumed' level and at the 'raw ingredient' level. For example, in the Bread and rolls group an average difference of 20 g is found, for Vegetables 21 g and for the Milk group 37 g. The most important difference occurs because the water included in the preparation of a dish will be included in the dominating ingredients group at 'as consumed' level, whereas, at the 'ingredient' level, the ingredients will be distributed in their specific main groups. For example, water used in the preparation of rice or pasta will be included in the rice or pasta group if classifying at 'as consumed' level; if classified at 'ingredient' level, the water ends up in the group of non-alcoholic beverages. Another example is breakfast cereals, which are higher 'as consumed' in comparison with 'as ingredient', mainly because of the milk added when eaten. It is also Selection of food classification system J Ireland et al important to notice that at the 'as consumed' level minor ingredients in, for example, mixed dishes will be misclassified, eg vegetable ingredients in a meat dish will be included as meat in the meat group. Table 3 shows the number of foods per country that could be assigned to the EFG Vegetables food group; column 3 indicates whether the country gave more detailed information on how the foods were to be included in the EFG system (eg raw vs cooked, fresh vs canned or frozen). To ensure comparability of data on consumption of vegetables (excluding potatoes) at the European level, the following actions were proposed by the EFCOSUM group:
The Vegetables food group should be split up into two main groups: fresh and processed. The 'fresh' group will include the 'raw edible' part of the vegetables; the processed group will include the frozen, canned and dried vegetables. The Vegetables food group should include herbs, but not pulses. National conversion factors should be used to convert cooked vegetables into raw ingredients, as these reflect national differences in food preparation.
The weight of the raw vegetable part of mixed dishes and soups should be separated from the weight of the total dish and added to the vegetable food group.
Three other EFG food groups -Bread and rolls, Fruit (excluding fruit juices) and Fish and seafood -were also judged for their compliance with the existing national systems. With respect to the Bread and rolls food group, the following was decided:
The Bread food group will contain breads, crispbreads, rusks, bread sticks and breadcrumbs as staple foods and not as flour. Pizzas and other bread types in which other foods are added should be included in the Bread group without their additional ingredients. Sweet types of bread should not be included in the bread group; they belong to the food group Bakery products.
With respect to the Fruit product group, the following issues were decided:
Freshly squeezed fruit juice can be included in this food group. However, other fruit juices will be excluded because of different definitions on what a fruit juice is. Jams, marmalades and syrups will not be included with Fruit, but in the Sugar group.
With respect to the food group Fish and seafood, it was decided that shellfish and molluscs will be included in this food group aswell.
EFG classification for the future
There is no universal food classification system, and the different approaches result from the different objectives of each system. Classification systems have been created for . The EFG was created in an attempt to compare consumption data collected using different food classification systems, but more work needs to be done to refine this system and harmonize definitions. It has been shown that the EFG classification compares well with the other classification schemes studied because it was created as a common denominator among them. The underlying definitions of the EFG food groups were taken from Eurocode 2, but it is essential to review these definitions, as some questions remain (eg the place of substitute flours and starches, soy milk, potato crisps, commodities). The same could be said for the other food classification systems studied (both international and national): users have less difficulty in assigning correct classification of foods when scope notes are available, and it would thus be worthwhile providing definitions for the food classification systems when they are lacking. Moreover, some problems of compatibility among food classification systems remain (eg olives, fruit juices) and it could be recommended that further work be carried out to harmonize classification systems used in food consumption surveys.
The exercise on classifying foods in national surveys into the four food groups that were considered of major importance by the EFCOSUM group (Bread and rolls, Vegetables, Fruit excluding fruit juices, and Fish and fish products) shows that it is possible to assign foods to groups that are comparable across countries in Europe. Nevertheless, a lot of work remains to be done, especially in the Vegetable group, where many conversion and recipe calculations have to be carried out to change from the 'as consumed' to the 'raw ingredient' level. Thorough definitions and rules for these types of conversions are necessary before proper international comparisons can be established. In this context, it is important to establish or lay down principles for the handling of semi-manufactured and processed foods.
For future consumption surveys, the use of EPIC software will be considered a possibility (Brussaard et al, 2002) . As demonstrated in the first part of this paper, EPIC's food classification complies well with the EFG system. Moreover, as the EPIC software also records recipes, it can be used to collect information on foods at both the 'as consumed' and the 'raw ingredient' levels.
Food composition databases
Existing food composition databases Food composition data as collected in national or commercial food composition databases (FCDB) are needed to estimate intakes of health promoting and health hazardous components from foods. FCDBs are thus important in nutritional epidemiology to investigate the relation between health and nutrition. Systematic and random errors in food composition databases may bias nutrient intake estimations and make them incomparable at international level, which is a major problem for a pan-European monitoring system such as proposed by EFCOSUM. These errors may lead to wrong public health measurements and conclusions concerning the relation between diet and disease (Greenfield & Southgate, 1992) .
Most European countries have national food composition databases, which are compiled based on country-specific procedures and traditions. Their primary objective is to provide comparable nutrient composition data over time at national level. They were not necessarily conceived to provide internationally comparable data. Thus, national FCDBs do not provide internationally comparable nutrient data for nutritional epidemiology due to incompatibility of either the values themselves or the specific calculation procedures used at national level (Deharveng et al, 1999; Slimani et al, 2000; EFCOSUM Group, 2001; Charrondière et al, 2001; NORFOODS 2000 NORFOODS , 2001 . At present, serious actions to harmonize European national food composition databases are in progress, elaborating on important developments over the past 15 years.
For EFCOSUM, it has been decided that macronutrients and energy will be reported to the HIEMS (Health Information and Exchange System of Member States) and that other nutrients that have been identified as most relevant will be monitored through biomarkers. This paper presents the concerns regarding macronutrients in European food composition databases and on the standardisation of data for international use.
Incomparability of food composition data and intake estimation systems
The comparison of the data in food composition tables in nine European countries showed that nutrients differ in definition, analytical methods, units and mode of expression which potentially could lead to different nutrient values between tables (Deharveng et al, 1999) . Furthermore, the foods covered by European food composition databases differ in number, language, classification and description. Some food composition databases include mainly raw foods, which may have a different nutrient composition compared to the corresponding prepared food. These differences may have an impact on the precision of nutrient intake estimations (Slimani et al, 2000) and make international comparisons difficult and imprecise (EFCOSUM Group, 2001) .
Similar findings were also demonstrated in a survey comparing seven nutrient intake estimation systems used by health and nutrition authorities in the Nordic countries (NORFOODS 2000 (NORFOODS , 2001 . The same diet (1 day) was calculated using the national systems' data and calculation procedures. For this 'one and the same diet' major differences occur in the results due to different definitions of nutrients, different nutrient retention factors, different levels of content and different energy calculation factors, as demonstrated in Table 4 .
Initiatives
Differences in data values in FCDBs reflect not only the natural differences between foods due to differences in, for example, growing, harvesting, storing and processing conditions, but they also reflect more or less artificial differences due to different methods of analysis and estimation issues. Because of the need for a comparable food composition data in Europe for international monitoring and nutritional epidemiology in Europe, a project was initiated in 2000. The aim of the project is to develop a standardized and critically assessed European nutrient database (ENDB) for the 10 countries involved in the European Prospective Investigation into Cancer (EPIC): Denmark, France, Germany, Greece, UK, Italy, The Netherlands, Norway, Spain and Sweden. The ENDB will be created from national data sets, using a subset of the Eurofoods Recommendations for Data Interchange (Schlotke et al, 2000) . Nutrient values will be compiled using the EPIC food classification and description for at least 1000 consumed foods per country, mainly deriving from EPIC and completed by foods from other international studies. All nutrient values will be documented, standardized and evaluated according to common rules, without missing values for important nutrients. It is planned that the ENDB will be completed with first priority nutrients, mainly macronutrients, by 2002 and with second priority nutrients, namely vitamins and minerals, by 2003. This project is coordinated by IARC (WHO, France) and involves food database compilers, industrial partners, SENECA and EURALIM (Slimani et al, 2000; Charrondière et al, 2001) . To broaden the scope of this project, there are plans to establish European standards for data in food composition databases and to compile these into prototype data sets for use in present pan-European epidemiological surveys and upcoming surveys under the umbrella of the European Health Monitoring System (HIEMS). This will improve the assessment of dietary intake for food components and the comparability of the results in international consumption studies conducted in Europe.
Conclusion
A common food classification system is needed to make food consumption data at the food level comparable in Europe. The EFCOSUM group concluded that foods can only be made comparable at the 'raw ingredient' level. It was thus recommended to use the EFG system as a minimum level of comparability for existing consumption data. Looking at the food groups that are considered to be of primary interest for EFCOSUM, the 'raw ingredient' level is required at least for Vegetables (excluding potatoes), Fruit (excluding fruit juice), Bread and Fish (including shellfish).
The software that will be used for the collection of food consumption data in the future should enable the conversion of foods 'as consumed' to foods at the 'ingredient' level.
National food composition databases are not sufficiently standardised to be used for comparison of intake data at the nutrient level. Consequently, a start has been made by IARC (co-ordinator of the EPIC study) and the national food composition database compilers of 10 European countries to compile a European Nutrient Database (ENDB), which will include energy, macronutrients, minerals and vitamins. It is recommended to use the ENDB as a starting point to convert food consumption data to nutrient consumption data in the future. Selection of food classification system J Ireland et al
